Effects of methanol on the wet oxidation of AlAs and AlSb by Chen, Qi
Retrospective Theses and Dissertations Iowa State University Capstones, Theses and Dissertations 
1-1-2002 
Effects of methanol on the wet oxidation of AlAs and AlSb 
Qi Chen 
Iowa State University 
Follow this and additional works at: https://lib.dr.iastate.edu/rtd 
Recommended Citation 
Chen, Qi, "Effects of methanol on the wet oxidation of AlAs and AlSb" (2002). Retrospective Theses and 
Dissertations. 19812. 
https://lib.dr.iastate.edu/rtd/19812 
This Thesis is brought to you for free and open access by the Iowa State University Capstones, Theses and 
Dissertations at Iowa State University Digital Repository. It has been accepted for inclusion in Retrospective Theses 
and Dissertations by an authorized administrator of Iowa State University Digital Repository. For more information, 
please contact digirep@iastate.edu. 
Effects of methanol on the wet oxidation of AlAs and AlSb 
by 
Qi Chen 
A thesis submitted to the graduate faculty 
in partial fulfillment of the requirements for the degree of 
MASTER OF SCIENCE 
Major: Electrical Engineering 
Program of Study Committee: 
Gary Tuttle, Major Professor 
Scott Chumbley 
Vikram Dalal 
Iowa State University 
Ames, Iowa 
2002 
ii 
Graduate College 
Iowa State University 
This is to certify that the master's thesis of 
Qi Chen 
has met the thesis requirements of Iowa State University 
Signatures have been redacted for privacy 
Abstract 
Introduction 
Technical Review 
111 
Table of Contents 
Effects of methanol on the oxidation of AlAs and Alsb 
Purpose of Investigation 
Experimental Procedure 
Results and Discussion 
Summary and Future Work 
Characterization of an E-beam Evaporator 
Purpose of Investigation 
Experimental Procedure 
Results and Discussion 
Conclusion 
References 
IV 
1 
2 
8 
8 
9 
11 
17 
18 
18 
19 
21 
26 
27 
IV 
Abstract 
We have studied the effects of methanol on the wet oxidation of AlAs and AlSb. 
Selective oxidation of Al-based semiconductor layers is an important element in the 
fabrication of semiconductor lasers. While oxidation of AlAs has been studied extensively 
and is utilized widely for laser fabrication, the oxidation of AlSb is less well understood 
and has been more problematic. Oxidation of AlSb using pure water vapor as oxidizer has 
shown incomplete reaction and antimony residue left behind. In this work, we look at the 
effects of adding to methanol to the reaction as a possible means of improving the AlSb 
oxidation process. We also oxidized AlAs a means to better understand the effects of 
methanol. Samples of AlAs and AlSb were oxidized in water/methanol mixture of various 
compositions. Optical and electron microscopy was used to characterize the oxidized 
samples. In the end, we observed that the addition of methanol improved the quality of our 
oxidized AlAs layers, but seemed to have negligible improved on the AlSb films. We also 
report on our characterization of evaporated silicon dioxide and tantalum oxide films for 
use in thin-film optical devices. 
1 
Introduction 
Lateral oxidation of AlAs has been shown to improve the performance of Vertical 
Cavity Surface Emitting Lasers (VCSELs) operating in the 0.8 µm to 1.0 µm wavelength 
range. The oxide can be used to provide both electrical and optical confinement. There is 
great interest in adapting this technique to VCSELs operating in the 1.3 µm to 1.5 µm 
range. This means a different material system needs to be investigated for oxidation. 
AlAsSb alloy lattice matched to InP has been proposed as a possible system for 1.5 µm 
VCSELs. However, past attempts to oxidize AlAsSb has encountered difficulties. This 
work examines the wet oxidation of AlSb with water/methanol mixtures in hopes of 
overcoming those difficulties. 
In addition, work has been done to characterize the electron-beam evaporation of 
SiO2/TaO5 multilayer thin films for potential use in optical filters. The focus of this work 
is on the evaporator's ability to produce thin film filters for optical use. 
2 
Technical Review 
Professor Kenichi Iga first proposed the Vertical Cavity Surface Emitting Laser, or 
VCSEL, in 1977 at the Tokyo Institute of Technology [1]. Like all lasers, the VCSEL 
needs an active region where stimulated emission occurs as light waves bounce back and 
forth between two mirrors. However, since the VCSEL is a monolithic device, the active 
region must be small (typically on the order of the light wavelength being emitted) so that 
the entire structure does not collapse. In order for lasing to occur in such a small active 
region, the mirrors must have reflectivity of >99%. The high reflectivity is achieved by 
using a simple structure called the distributed bragg reflector (DBR). A DBR consists of 
two different materials in alternating layers, and is designed to work at one primary 
wavelength. As photons travel through the DBR, some are reflected back at each of the 
interfaces between the two materials. If the thickness of each layer is exactly a quarter of 
the wavelength, then the light waves will also recombine constructively as they are 
reflected back. Since the thickness of the layers decide the primary wavelength in which a 
DBR would work at, it is very important to control the thickness during growth to less than 
one percent error. The number of layers required to achieve 99% reflection depends 
mostly on the index of refraction contrast between the two materials. 
As a semiconductor laser, the VCSEL has one main advantage over the more 
traditional edge-emitting laser, and that is the lower cost of wafer scale fabrication and 
characterization techniques. Edge-emitting lasers must be broken up and packaged 
individually before they can be tested, while VCSELs are tested while they are still on the 
wafer before incurring the additional cost of the packaging process. The wafer scale 
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fabrication also allows for VCSEL array applications with no changes in the fabrication 
procedure. 
The first working VCSELs emitted light with a wavelength of 0.98 µm [2]. These 
devices used an InGaAs active region, with GaAs and AlAs layers making up the DBR 
mirrors. In 1990, Dallessasse et al. showed that partially oxidizing the AlAs layers in the 
DBR greatly improves the performance of the devices [3]. This was because the mirrors 
must also act as the contact for current injection. Without lateral selective oxidation, much 
of the current being injected was lost at the surface of these mirrors due to surface 
recombination. The partial oxidation of the mirrors confined the current to the middle of 
the mirrors, reducing the threshold current and improving the performance of the VCSELs. 
Figure 1 shows a seven layer GaAs/AlAs DBR with selective lateral oxidation (gray areas 
of the drawing). Note that only the AlAs layers are oxidized, and it is this oxide which 
confines the current to the middle of the mirror. 
o:-:idized regions 
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Figure 1. A 7 layer DBR that has been selectively oxidized 
Due in part to the lateral oxidation method, current VCSELs operating in the 0.8-1.0 
µm wavelength range are widely in use by the industry. For low power lasers operating in 
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these wavelengths, VCSELs now surpass edge-emitting lasers in most performance 
categories, and devices with threshold currents of less than 100 uA have been reported [4]. 
For long haul optical communication, VCSELs operating in the 1.3-1.55 µm 
wavelength range are desired. These devices use a different material system than those 
operating in the shorter wavelength range. Typically these devices are grown on an InP 
substrate with InGaAsP active regions. While GaAs/ AlAs DBRs have been used for 
VCSELs operating in this range, the processing involves the difficult and expensive 
technique of wafer bonding. For these VCSELs, the DBRs are typically grown on two 
separate GaAs substrates while the active region is deposited on an InP substrate. One of 
the mirrors is then bonded to the active region by applying pressure at a high temperature 
(about 650 °C). After removing the substrate from the active region by etching, the other 
mirror is bonded to the active region in the same manner. Others have tried using 
InP/InGaAsP to fabricate mirrors that are lattice matched to the substrate, but the index 
contrast between these materials is small, so many pairs of layers are needed, making 
fabrication difficult [5]. Still others use the Sb based mirrors since AlAsSb and GaAsSb 
can be lattice matched to InP and still enjoy a relatively large difference in their index of 
refraction [6]. As a quick comparison between the three material systems: GaAs/AlAs 
needs about 16 pairs to achieve 99% reflectivity, the antimonide based system needs about 
20 pairs, while the InP/InGaAsP needs about 40 pairs to achieve the same reflectivity. 
In 1994, B. Lambert et al. showed that the GaAsSb/AlAsSb layered DBRs can 
indeed be used for VCSELs grown on an InP substrate. The materials have a large optical 
index difference of about 0.6, which is a factor of two better than between InP and 
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InGaAsP. This was important because with a larger difference more light is reflected at 
each interface and fewer layers were needed to achieve high reflectivity. Given that these 
were monolithic devices, too many layers could cause the entire structure to collapse. 
Molecular beam epitaxy was used to grow the DBR, which was shown to have a lattice 
mismatch factor /)..a/a of less than 0.001 using x-ray double diffraction. The materials 
showed good optical properties as evidenced by photoluminescence tests. The resulting 
DBR exhibited reflectivity of better than 96% after only 10 quarter-wavelength pairs. 
Compared to InP/InGaAsP where it was necessary to grow 20 pairs just to achieve a 95% 
reflectivity [7], this was a vast improvement. 
In 1996, 0. Blum et al. worked on oxidizing a thin layer (~2500A) of AlAsSb 
sandwiched between two layers of InGaAs (which does not oxidize) [8]. The AlAsSb 
layer was indeed oxidized, but an interfacial layer of Sb was found between the top 
interface of the oxide and the cap material. The thickness of the Sb layer was about 70-90 
nm thick. While the authors noted the segregation of Sb after oxidation of Sb bearing 
materials such as AlSb have been observed in vertical oxidation studies done by J. M. 
Guglielmacci et al. [9], they could not explain why the Sb layer only forms between the 
top cap layer and the oxide. It also remains to be seen how, if at all possible, the formation 
of this Sb layer can be prevented. 
In 1997, 0. Blum et al. studied the wet thermal oxidation of AlAsSb against the 
As/Sb ratio [10]. It was discovered that as the mole fraction of As decreases in this alloy, 
the oxidation rate increased -- by as much as six times than that of AlAs. However, when 
there was no As, the material no longer oxidized. Furthermore, the oxidized region of high 
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Sb concentration samples look qualitatively different than those of low Sb concentration. 
It is speculated that instead of a clearly separated Sb layer forming as reported earlier, 
when there is a high molar concentraion of Sb, the Sb becomes interspersed within the 
AlO, which can significantly alter optical and electrical properties of the oxide. The 
mechanism by which the oxidation occurs, as well as the roles played by As and Sb, 
remains unknown. 
At the same time, P. Le gay et al. conducted their own study on the wet thermal 
oxidation of AlAsSb alloys lattice matched to InP [11]. One interesting result of this study 
was the appearance of the Sb interfacial layer between the bottom GaAsSb layer and the 
oxide when the initial AlAsSb layer was 1.5 µm thick. When the samples only had a 500 
A thick AlAsSb layer, the Sb interfacial layer appeared between the top layer and the oxide 
as was reported by 0. Blum et al. It was conjectured that the thickness of the AlAsSb 
layer affects the strains throughout the structure, which in tum affects the preference of the 
Sb layer's location. Observations were also made in the study regarding the temperature 
and time dependence of oxidation rates. The temperature dependence follows an 
Arrhenius relationship: d = exp(-Ea/kT) where dis the oxide thickness, and Ea is the 
activation energy, calculated to be 1.18e V by the authors [ 11]. The time dependence of the 
oxidation shows a linear form initially and then a square root function as oxidation time 
lengthens. Another important conjecture made by the authors is how the Sb interfacial 
layer is formed. As the oxidation is occurring, As and Sb form the volatile compouµds 
As2O3 and Sb2O3. It is noted that around 450 °C the vapor pressure of Sb2O3 is about a 
thousand times less than As2O3. For that reason, Sb-based species are not evacuated from 
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the material during oxidation and they instead migrate to the interface. This conjecture 
was supported by the fact that when oxidations are done at 350 °C, a low level of As was 
detected at the interface as well. This can be attributed to the fact that at the lower 
temperature, the vapor pressure of As based compounds is low enough that some of the As 
cannot escape. 
In 2000 A. Salesse et al. tried oxidizing AlAsSb alloys with an addition of methanol 
in the steam mixture [12]. They noted in previous work done by Ashby et al. [13] that free 
hydrogen radicals have a greater ability than H2 to transform As2O3 to arsenic. The 
presence of H also helped form arsine, AsH3, which was not formed when only H2 was 
present. The formation of arsine helped facilitate the removal of arsenic from the oxidized 
samples of AlAs. Similar reactions should also occur for antimony-based compounds also. 
While it is more difficult to form stibine than arsine, it would appear that the introduction 
of free hydrogen radicals into the oxidation environment would help remove the antimony 
from the interface and from within the aluminum oxide. It is difficult to introduce free 
hydrogen radicals into a furnace since molecular hydrogen does not break up into H 
radicals at temperatures less than 2000 °C. However, alcohols such as methanol produce 
carbon monoxide and hydrogen radicals in the first phase of the dehydrogenation process. 
This can help produce stibine and reduce the amount of antimony being observed at the 
interface during the oxidation of AlAsSb samples. The authors showed that this was 
indeed the case as AlAsSb layers oxidized with a water/methanol mixture showed less 
antimony being collected at the interface as well as inside the oxide. 
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Effects of Methanol on the Oxidation of AIAs and AISb 
Purpose of Investigation: 
It is clear from recent publications that the GaAsSb/ AlAsSb materials system is a 
strong candidate for the fabrication of high reflectance mirrors that are also lattice matched 
to InGaAsP, the most popular choice of active regions for VCSELs operating in the long 
wavelength range. In order for the GaAsSb/ AlAsSb mirrors to be as successful as its 
GaAs/AlAs counterpart is for the shorter wavelength VCSELs, the question of current 
confinement needs to be addressed. The oxidation mechanism for AlAsSb is still not clear 
at this time, especially the problematic formation of the antimony layer at the interface of 
the layers after oxidation. Another question that remains unexplained is the sudden drop 
off in the oxidation rate when the Sb ratio becomes higher than 98% [10]. 
Using a water/methanol mixture for the wet oxidation of AlAsSb seems to show 
some positive results for A. Salesse et al. [12]. Yet a more basic understanding of the 
oxidation mechanism is still needed. Studying the oxidation behavior of just AlAs and 
AlSb in the water/methanol mixture should reduce the complexity of the system and may 
provide a clearer view of the underlying mechanisms involved. 
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Experimental Procedure: 
Several AlAs and AlSb samples were grown by solid-source molecular beam 
epitaxy. In the case of AlAs, samples consisted of a 0.2 µm GaAs layer followed by 0.5 
µm of AlAs, and then capped by another 0.1 µm of GaAs. In the Sb case, the growth 
consists of a 0.5 µm layer of AlSb which capped by a 0.1 µm of GaSb. All samples were 
grown on a GaAs substrate, and in the case of AlSb there is a lattice mismatch of 8.5%. 
However, after 3 monolayers the AlSb layer should become smooth again [18]. Samples 
were kept in a nitrogen environment after the MBE growth to reduce their contact to 
oxidizing agents before the wet oxidation. 
Oxidations were performed in a horizontal tube furnace with a three-zone controller. 
The oven temperature was calibrated with a thermocouple before the oxidations were 
performed. The oven was then set to 450 °C with a steady flow of dry nitrogen set at 1 
L/min. Another nitrogen line ran through a bubbler containing either pure de-ionized 
water or a 50% mixture of methanol and water by volume and was heated to 85 °C. This 
nitrogen acts as a carrier gas for the steam and methanol; the flow rate was set at 0.2 
L/min. The tubes connecting the bubbler and the oven were covered with heating tape to 
minimize condensation. 
After deposition, the wafers were cleaved into 0.5cm squares for oxidation. Freshly 
cleft samples were placed in the oven while it is still filled with pure nitrogen gas. The 
oven temperature was lowered to below 200 °C before the samples were inserted in the 
tube. These two steps were necessary since it has been reported that oxygen can have a 
dramatic effect on the oxidation of AlAs. Samples that were accidentally oxidized in air 
showed a substantial reduction in oxidation rates, as reported by R. S. Burton et al. Their 
conjecture is that when oxygen alone was the oxidizing agent, the resulting oxide was 
denser and inhibited the oxidation rate by limiting the diffusion of the oxidizing agents 
further into the material [ 14]. The samples remained in this environment until the 
temperature of the oven is warmed to 450 °C. At this point the dry nitrogen was cut off 
and the nitrogen going through the bubbler was allowed to flow into the oven. The 
oxidation time starts when this occured. When the oxidation period ended, the dry 
nitrogen was reintroduced into the oven while the wet nitrogen was cut off. The samples 
were removed when the oven temperature is below 200 °C again. An optical microscope 
was then used to observe the samples. When oxidation occured, a clear change in color 
appeared since the oxide have a different index of refraction than the unoxidized material. 
The width of this "stripe" could then be measured under the microscope as the lateral 
oxidation depth. 
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Results and Discussion: 
The wet oxidation of AlAs has been studied extensively. Currently, there seems to 
be a consensus that the oxidation is a reaction limited process until either high temperature 
or a very thick initial oxide causes it to become diffusion limited [15]. At a temperature of 
450 °C the reported rate of oxidation is about 1 µm/min [12][15][16]. My attempts to 
reproduce this result are met with limited success. While some samples did show this rate 
of oxidation, results were inconsistent. About a third to a half of the samples showed no 
signs of being oxidized at all. It is very obvious that the oxidation of AlAs is more 
sensitive to certain variables (such as flow rate and temperature) as compared to silicon. 
This conclusion is supported by the fact that when silicon samples were vertically oxidized 
in the same setup, the results produced a great fit for the Deal-Grove model. No problems 
such as the lack of oxidation or inconsistent oxidation rates occured. It is possible that the 
lack of an in situ temperature monitor does not allow for adequate control of this 
experiment. Another possibility may be that our flow rate for wet nitrogen needs to be 
even higher. Some papers report using flow rates as high as 0.6L/min - 0.8L/min [6][12]. 
In order to use such high flow rates, a larger container for the water or water/methanol 
mixture is needed. Even with our relatively low rate of 0.2L/min, the difference in the 
water level between the beginning and end of an oxidation may cause an appreciable 
difference in water vapor concentration. Though unlikely, other variables such as crystal 
orientation and impurity doping may also need to be examined. 
Of the samples that did exhibit oxidation, the oxidized region often showed two 
different colors, which may indicate that there are two qualitatively different oxides being 
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formed. Figure 2 shows a freshly cleaved sample before any oxdation occured; the surface 
is smooth and lacks any discoloration on the edges of the sample (the white area). 
Compare this to Figure 3, which shows a AlAs sample oxidized in steam. Note the two 
different colors in the oxide strip. 
Figure 2. AlAs sample before oxidation 
Figure 3. AlAs oxidized in steam with 2 different colors of oxide 
There are a few possible causes for the different colors in the oxidation strip. The 
density of the oxides may be different, as R. S. Burton et al. reported [14]; oxygen alone 
can form a denser oxide at the edges which may look different than the oxide formed with 
wet oxidation. Another explanation may be delamination. H. Q. Jia et al. reports that 
Raman spectra measurements performed on oxidized AlAs often showed the presence of 
As2O3 [ 17]. It is their speculation that the presence of the As2O3 can cause strain between 
GaAs and AhO3, resulting in delamination. There is also the possibility that the difference 
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is not due to the Ah03 layer at all, but is due to another process altogether. Without 
further investigation, the most likely answer seems to be delamination. Our process is 
designed to eliminate the possible formation of a dense oxide from dry oxygen; 
furthermore, there is no report of another reaction occuring in these conditions. 
Scanning electron microscopy (SEM) is used to find whether there is indeed any 
compositional differences in the oxide strip. Figure 4 shows a mesa strip with many 
different colors on the sample, different areas on the sample are marked with numbers for 
the purpose of discussion. A line scan is also used, and the direction of the scan is shown 
on figure 4 as the white line across the sample. 
Figure 4. SEM image of an oxidized mesa strip with many different colors 
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Area ten is the unoxidized region, as elements Ga, As, Al, are all present, but no O is 
present in this region. Area one seems to have all its epilayers stripped somehow, only Ga 
and As (from the GaAs substrate) are present in this region. The difference between areas 
seven and eight are subtle, both areas show Ga, Al, As, and 0, with the amount of As low 
as compared to area 10. This seems to indicate that both areas have been oxidized. When 
the compositional spectra of the two areas are compared with each other however, there is 
a difference in the amount of As in the two different colored areas. The higher amount of 
As in area seven seems to agree with H. Q. Jia et al. that the arsenic which failed to escape 
during oxidation can cause a color difference in the oxide strip [17]. Area six also have a 
similiar composition when compared to the other oxide areas, except that there seems to be 
a much higher Al content. This may be due to the possibility that the cap layer of GaAs 
was removed somehow. This enables the Al count to go up since there is no cap layer to 
absorb some of the Al emissions. 
Wet oxidation of AlAs in water/methanol ambient produced better results than those 
that were oxidized with deionized water alone. One interesting result is the effect of 
methanol on the quality of the oxide. According to A. Salesse et al., methanol produces 
carbon monoxide and hydrogen radicals through a process called dehydrogenation: 
2CH30H 2(CO + 4H). The hydrogen radicals then transform As203 to As and then to 
arsine: As203 + 6H 2As + 3H20, As + 3H = AsH3 [12]. If methanol does indeed help 
with the removal As as has been suggested, then there should be significantly less As and 
As03 remaining in the oxide as compared to the pure steam oxidation. Figure 5 shows a 
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sample of AlAs oxidized in water/methanol mixture, note the more uniform color through 
the entire oxidation strip. 
Figure 5. AlAs sample oxidized in water/methanol mixture 
The AlAs samples oxidized in the steam/methanol ambient did have a more uniform 
color. H. Q. Jia et al. reported that only for long oxidations (over an hour in length) do the 
As and As2O3 have enough time to completely escape from a 20 µm wide mesa strip [17]. 
For these experiments even samples that were oxidized for 45 mins showed a uniform 
color. This seems to indicate methanol did indeed help in the escape of As and AsO3. 
Figure 6 shows a plot of oxidation depth vs oxidation time. A linear fit shows a slope of 
0.93 µm/min. This is only slightly lower than the reported rate of 1 µm/min at our 
oxidation temperature of 450 °C [12][15][16]. Therefore it is concluded that methanol 
does not affect the wet oxidation of AlAs very much, as most of the difference can 
probably be attributed to the lowering of the water vapor pressure when methanol is added 
to the steam mixture. 
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Wet Oxidation of AIAs with Methanol 
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Figure 6. Plot of oxidation rate of AlAs in water/methanol mixture 
As expected, AlSb did not oxidize in steam at all. Before oxidizing the samples in 
the steam/methanol mixture, it was difficult to predict whether methanol would help AlSb 
oxidize. Again, methanol will help form free hydrogen radicals through dehydrogenation. 
The resulting hydrogen helps form Sb from Sb20 3, and then forms stibine from Sb20 3: 
Sb20 3 + 6H = 2Sb + 3H20, Sb+ 3H SbH3 [12]. However, this would help in oxidizing 
AlSb if the only inhibitor of oxidation is the low vapor pressure of Sb20 3. Our 
experiments showed no oxidation for any of the AlSb samples in the water/methanol 
mixture. Therefore the low vapor pressure of Sb203 cannot be the only reason why AlSb 
fails to oxidize. 
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Summary and Future Work: 
This work shows that methanol enhanced wet oxidation of AlAs can produce better 
quality oxide than using steam alone. The creation of the free hydrogen radicals does not 
help in the oxidation of AlSb, which requires more study to understand its lack of ability to 
oxidize. Of course there is much room for future study in this topic. The problem with 
inconsistent results needs to be addressed. Higher flow rates and in situ temperature 
monitor would be the first step towards the solution. More tests need to be conducted on 
the quality of the oxide materials. Both optical and electrical characterization need to be 
conducted. As A. Salesse et al. reports, methanol only helps in partially removing the 
interfacial Sb layer of oxidized AlAsSb[12], therefore it may not the be final solution to 
creating oxides for current confinement. Rather it helps us gain a better understanding in 
the oxidation of these materials. Further work remains before a DBR that is both lattice 
matched to InP and allows current confinement can be achieved. 
18 
Characterization of an E-beam Evaporator 
Purpose of Investigation: 
In the summer of 2001, ADC Corp. (in Minnesota) wanted the use of simple, 
. commercially available electron-beam evaporators to manufacture thin film optical filters. 
One particular model they were considering was the Temescal BJD-4500. Since Iowa 
State University owns such an evaporator, we agreed to test the machine's abilities to 
manufacture optical thin films. Previously, the main purpose of the evaporator was to 
deposit metallic films for use as contacts on semiconductor devices. Films deposited for 
this purpose were typically in the range of a few tenths of microns. For building optical 
filters, we needed to investigate how the machine will perform with different source 
materials than those we are used to depositing. SiO2 and Ta2Os are two common materials 
used in optical film design, and the typical thickness deposited are in the tenths of microns. 
Our main concerns were the Temescal's ability to grow such optical films with accuracy 
and precision. There were also questions about the quality of these materials after the 
deposition. Specifically, SiO2 has been known to become oxygen depleted after an 
electron-beam evaporation causing changes in its optical properties. These questions 
needed to be addressed if we hope to use this machine to manufacture optical thin film 
filters. 
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Experimental Procedure: 
The easiest solution to test the system was to simply build some filters and test their 
optical characteristics. If the filters perform as we designed them then all the above 
questions would be answered. If the Temescal deposited films with inaccurate thickness, 
or if the films were of poor quality, then a shift in the peak reflectance should be easily 
noticeable. 
Before using the Temescal to deposit multi-layered structures, its thickness monitor 
system must be calibrated. The thickness monitor uses several factors to determine how 
much material has been deposited on the substrate: the material's density, its acoustic 
impedance, and the tooling factor. The tooling factor takes into account the relative 
geometry between the monitor and the substrates, and can be used as a calibration factor 
account for any other sources of inaccuracies. For this purpose, single layers of both Si02 
and Ta20 5 were deposited. Typical growth conditions were 10-7 torr initial chamber 
pressure and 3 angstroms per second growth rate. A profilometer was used to measure the 
actual thickness of the films. The tooling factor was changed until the profilometer results 
agreed with those reported by the thickness monitor. 
For Si02, a reflectometer (Nanospec model) was also used to measure the thickness 
of thin films deposited on silicon wafers. Agreements between the Nanospec 
measurements and the profilometer would show that the films also retained their optical 
properties during growth. This is especially important in the case of Si02 because E-beam 
evaporation has been known to produce oxygen poor Si02 thin films. 
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A Fourier Transform InfraRed spectrometer was also used to measure the Ta2O5 
film's optical characteristics. The accuracy achieved for a single deposition also needed to 
be repeated in subsequent depositions. To this end we deposited four samples over the 
time span of one week; we then compared their FTIR measurements to see what the 
standard deviation would be. 
Once the initial calibrations were completed, two designs were built and tested for 
their optical response. One was a five layer bragg reflector that should have a peak 
reflection at a wavelength 1.2 µm; the other is a Fabry Perot cavity that should have a peak 
transmission at the 1.2 µm wavelength. 
21 
Results and Discussion: 
Initial calibration of the thickness monitor was relatively simple. Both of the 
materials we used for this experiment ended up with the same tooling factor. One 
important result was the agreement between the nanospec measurements and the 
profilometer measurements. This indicates the optical properties of the oxide film concurs 
with expected values for typical silicon dioxide films. This result predicts that an ion gun 
will not be needed to introduce additional oxygen ions to the substrate surface during 
deposition. 
Figure 6 shows the transmission measurements of the four Ta20 5 samples grown in a 
week. All four measurements are together on one graph. Figure 7 shows the standard 
deviation as a function of wavelength. Since the standard deviation falls within 2% over 
the entire graph, we are satisfied that repeatable accuracy is achievable. 
The FTIR measurement of the bragg reflector is shown in Figure 8. The 
measurement of the Fabry Perot structure is shown in Figure 9. As can be observed from 
the graphs, the peaks are within 2% of predicted results. 
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26 
Conclusion: 
This investigation shows that the Temescal BJD-4500 can be used to produce thin 
optical films with accurracy and precision. The machine produces films of accurate 
thickness and good optical quality. Future work may include a long term reliability test 
and also other source materials used for optical filter design. These experiments only 
deposited one sample per run, but the evaporator can deposit many wafers or substrates in 
one run. It would therefore be useful to study how thickness varies within the same run . 
For now we are confident the evaporator has the capability to produce optical films should 
future research work require them. 
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